Abstract Managing a landscape for its natural resources while attempting to ensure an ecologically sustainable future is a truly complex and challenging task. We present six general principles for sustainable forest landscape management derived from insights in an array of natural and commodity production ecosystems in south-eastern Australia but which are likely to have broad applicability to many forested ecosystems worldwide. These principles are: (1) Landscape management problems are typically underpinned by human-use drivers that over-commit natural resources and undermine the ecosystem services which support the replenishment of those resources. (2) Not all parts of a landscape are equal in their contribution to species persistence and ecological processes. Special steps are needed to secure the ecological integrity of these disproportionately important areas. (3) Managing connectivity is critical, but it is essential to determine what kind of connectivity is desirable, and for what species and processes. (4) Land use practices can produce spatial and temporal cumulative effects with negative impacts on biodiversity and ecological processes. (5) Land use decisions on the land sparing-land sharing spectrum are highly scale and context dependent. (6) Our understanding of landscapescale processes is shaped by our conceptual model of the landscape. It is therefore important to check if a given mental model is appropriate for a given landscape and the species or ecological processes of concern. These six principles should not be applied uncritically. Rather, it is best to treat them as a checklist of considerations that will help guide our thinking about landscape change, so that we can orient toward more ecologically sustainable landscape management.
Introduction
The sustainable management of landscapes is a complex, multi-faceted task. Many individual case studies detail the layers of complexity, highlighting interacting factors at multiple spatial and temporal scales, which can influence the resources being managed and the landscape level outcomes. Such complexity highlights the need not only for placebased models (Kates et al. 2001) but to go beyond ''the uniqueness of place'' (Beven 2000) to integrate sustainability science (sensu Bettencourt and Kaur 2011) into landscape ecology (Wu 2006; Musacchio 2009) .
In this paper, we outline six general principles for the sustainable management of forest landscapes. We have derived them from two primary sources. First, experiences from conducting four large-scale, long-term landscape management investigations in south-eastern Australia (Lindenmayer et al. 2008b; Lindenmayer 2009a, b; Lindenmayer et al. 2011a) . Second, shared knowledge generated from writing sets of principles for forest management (Lindenmayer and Franklin 2002) , landscape design (Lindenmayer and Hobbs 2007) , commodity production landscapes , and conservation biology (Lindenmayer and Hunter 2010) . Four principles relate to the biology of systems, particularly drivers of threatening processes and their expression in landscapes. Two principles relate to the way humans interpret evidence for change and select options as part of making environmental decisions (Fig. 1 ). We provide a short discussion of each of these six principles, including some of the issues and nuances associated with their conceptualization. We also outline some perspectives on operationalizing these principles. Some of our general principles have been established for a long time and will be obvious to many researchers, but this has not prevented them from sometimes being overlooked by policy makers and resource managers (e.g. see Harris 1998; Smith et al. 2010) . We state them here because they are important, not because they are novel. Conversely, other principles are less well established, and significant debate remains around them (e.g. compare Phalan et al. 2011 and Fischer et al. 2011 ), but we believe that understanding them will help guide better landscape management.
Principle #1: over-commitment of natural resources is the root cause of most ecological problems
The ecological impact of harvesting any natural resource depends on the level of harvest and the rate at which resources are replenished. Unfortunately, many landscapes are over-committed to human land uses such as livestock grazing, cropping, forestry, and urban development. We define an over-committed landscape as one in which resources are exploited at a level that undermines the key ecosystem services needed to support the replenishment of that resource. There is insufficient ecological margin in over-committed landscapes to maintain environmental conditions that prevent the degradation of key ecological processes and/or significant levels of biodiversity loss.
Over-committed natural resources in commodity production landscapes have resulted in large losses of biodiversity in many forested and agricultural regions around the world (Millennium Ecosystem Assessment 2005; Vié et al. 2009; Butchart et al. 2010) with the potential to undermine the key ecosystem services and landscape services (sensu Termorshuizen and Opdam 2009) needed to maintain the capacity of ecosystems to sustain wood or food production (e.g. pollination; see Garibaldi et al. 2011 ), maintain freshwater resources, and regulate climate and air quality (Rockström et al. 2009 ). For the purposes of this paper, landscape services encompass both ecosystem Fig. 1 Inter-relationships between six key principles for landscape management. Principles #1-4 encompass drivers of threatening processes and their expression in landscapes. Principles #5 and #6 correspond to the ways humans interpret evidence for landscape change and identify options for landscape management services and environmental services and are ''….. the connection between physical systems (ecosystems or landscapes) and human services '' (Termorshuizen and Opdam 2009 ).
The problems of over-committed landscapes are magnified when events like major natural disturbances (e.g. wildfires, cyclones, hurricanes and droughts) alter both natural vegetation cover and the availability of natural resources. As an example, many production forests in temperate regions around the world are managed on the basis of long-term sustained yields of timber and pulpwood (Puettmann et al. 2008) . Yield calculations are generated from the area of forest available for harvesting but these rarely account for unpredictable losses that might be incurred from natural disturbances like wildfires. When areas are lost to production but the legislated 'sustained yields' remain unchanged, this increases harvesting pressure on unburned areas with corresponding negative impacts on other values like the maintenance of ecosystem services and biodiversity conservation. Thus, good landscape management requires that an ecological margin is accounted for, to provide a buffer between the actual level of resource use and the level at which exploitation is expected to undermine ecosystem services or cause significant losses of biodiversity. This ecological margin also must provide for the effects of unpredictable events (such as wildfires) on resource loss and resource yields.
Operationalization
History indicates that people have routinely overcommitted natural resources with severe consequences such as economic and social collapse (Harris 1998; Diamond 2005) . The risk is that we only recognise 'over-commitment' in retrospect. Traditional forms of accounting that track stocks and flows of the natural resource uses by humans are well established (e.g. Smith 2007 ). However, we suggest that new forms of landscape accounting are needed to determine whether landscapes can ecologically support existing or expanded levels of resource use whilst maintaining other key environmental values, maintaining ecosystem services, and supporting viable populations of native plants and animals (Termorshuizen and Opdam 2009). Ultimately, many landscape management problems cannot be tackled appropriately until levels of resource use are better planned (Puettmann et al. 2008; Smith et al. 2010 ) and maintained at levels below which ecosystem services are not degraded and significant biodiversity loss is prevented. This represents a research challenge to identify those critical thresholds, which act as robust indicators of when natural levels of resource use approach over-commitment (Carpenter et al. 2011) . For many production forest landscapes, such new kinds of landscape accounting methods will need to accommodate losses in resource availability that will inevitably occur as a result of natural disturbances.
Better planning will demand high quality monitoring (Lindenmayer and Likens 2010) as well as agility among policy makers and resource managers to allow them to respond rapidly to major natural disturbances and revise both the amount and location of resource harvesting. This is problematic because although robust designs are available for guiding effective monitoring programs, the application and maintenance of high quality monitoring programs in landscape management is rare (Gardner 2010; Lindenmayer and Likens 2010) . Indeed, there are numerous examples of landscape management programs that have failed because of a lack of monitoring (e.g. Bernhardt et al. 2005; Whitfield 2006 ; United Kingdom Parliament 2010). We suggest that this problem might be resolved if monitoring was made a mandatory part of resource extraction and supported by a proportion of the economic returns derived from resource exploitation (Franklin et al. 1999 ).
Principle #2: not all parts of a landscape are equal in their contribution to species persistence and ecological processes Some parts of landscapes have values for biodiversity and support of ecosystem functions that are disproportionately large relative to the area they cover. This may be because they provide abundant key resources such as water or nutrients, their spatial context enhances habitat connectivity (see below) and gene flow (Calhoun and deMaynadier 2008), or they are a relatively scarce habitat type. For example, many studies have demonstrated the markedly higher species richness of riparian zones relative to other areas in landscapes (Huggett and Cheeseman 2002; Palmer and Bennett 2006) . Other critical areas in landscapes include breeding areas, hibernacula and caves (Culver Landscape Ecol (2013 ) 28:1099 -1110 1101 and refugia from impacts of drought (e.g. Magoulick and Kobza 2003) . Similarly, some landscapes have fire refugia from which post-disturbance population recovery can be seeded (Turner et al. 2003; Banks et al. 2011) . Critical areas in landscapes can sometimes be relatively small. For example, rocky outcrops measuring less than 0.5 ha are significant hotspots for reptile biodiversity in Australian agricultural landscapes (Michael et al. 2008) . Similarly, individual trees can be critical for the landscape-level persistence of some species (Webb and Shine 1997; Eltz et al. 2003; Manning et al. 2006) and sometimes account for a disproportionately large fraction of the successful pollen pool for the next generation of recruits (Aldrich and Hamrick 1998) .
Given the relative importance of some special areas in particular landscapes, it is important to identify where they are located and what organisms or processes they are critical for, so that management actions can be appropriately targeted. For example, in the case of some kinds of moist temperate forest, an understanding of spatial heterogeneity in fire behavior and fire severity can reveal vital information on the location of fire refugia for native mammals (Lindenmayer et al. 1999) . This, in turn, highlights the parts of landscapes where it is important to avoid additional environmental stressors (e.g. post-fire logging operations) that can otherwise compromise the integrity of fire refugia (Lindenmayer et al. 2008a) . Studies commenced as soon as possible following major natural disturbances like wildfires and hurricanes can be critical for determining both the location of refugia and how such areas influence post-disturbance ecosystem recovery (Franklin and MacMahon 2000; Turner et al. 2003) . Understanding these 'small but important' elements offers some of the easiest 'wins' in the sustainable management of landscapes that support more biodiversity at little or no cost in lost production.
Principle #3: connectivity is critical, but it is essential to determine what kind of connectivity is desirable and for what key processes
Dispersal-limited species are among those most at risk of decline or extinction as a consequence of land use change (e.g. Hoehn et al. 2007; Griffiths et al. 2011) . Maintenance of appropriate connectivity is an important component of any strategy for sustainable production landscapes. However, the task of maintaining or enhancing connectivity is not straightforward because the concept of connectivity is complex and multi-faceted. In an attempt to tackle this complexity, Lindenmayer and Fischer (2007) recognized a range of kinds of connectivity. Habitat connectivity can be broadly defined as an emergent property of ecosystem mosaics that reflects the influence of landscape structure on a species' mobility and its probability of survival within and among resource patches. The concept of landscape connectivity is based on a human perspective of landscape pattern and typically relates to the connectedness of native vegetation patches. In some circumstances and for some species, habitat connectivity and landscape connectivity will be closely correlated. In others, habitat connectivity for a given species will be quite different from a human perspective of landscape connectivity. Ecological connectivity is the connectedness of key ecosystem processes (Lindenmayer and Fischer 2007) . Understanding these relationships is crucial because we generally manage on the basis of habitat connectivity, with the goal of achieving landscape connectivity. Thompson et al. 2007 and Section ''Principle #4''). Plantation forests might create an ecological bridge for invasion of native forest by pest species (Cunningham et al. 2005) . Similarly, oceanic islands often have very high levels of endemicity because they have lacked connectivity, and the species assemblages are susceptible to homogenization (by invasion and extinctions) when 'connectivity' is created through human activities (Whittaker 1998) . A clear understanding of the kind of connectivity desired, and for what organisms or processes, can influence whether efforts to maintain or increase connectivity are best addressed through establishing corridors, stepping stones, or a continuous cover of trees (or other vegetation; see Franklin 1993) , or through some other approach like regional-scale connections (Worboys et al. 2010) . The options for creating connectivity in production landscapes are strongly influenced by the contrast between the production and non-production patches in the landscape (Harper et al. 2005 ) and the dispersal abilities of various elements of the biota (Franklin 1993) . Where the contrast is high (e.g. forest vs. crop) and mean mobility is low, connectivity for most organisms will be restricted to corridors or stepping stones (Batary et al. 2010) . Where the contrast is low (e.g. agroforesty system vs. forest) and mobility is high, there will be much greater scope for managing the whole landscape for permeability, with less dichotomy among different landscape patches (Franklin 1993) .
A major problem underpinning better landscape management for connectivity is our limited understanding of animal and plant movement ecology. Yet such information is critical to almost all facets of the ecologically sustainable management of landscapes. For example, it is essential for determining: (1) where and when to harvest resources, (2) if (and how) populations can recover following disturbances associated with resource harvesting, (3) the risks of cumulative spatial and temporal impacts of resource use on biodiversity, (4) where to locate protected areas and how large such places should be, (5) whether protected areas need to be physically connected (and if so, how they might be best linked), and (6) which conceptual models of landscape cover are most appropriate. Given the importance of movement and dispersal, a breakthrough in understanding is needed to advance the knowledge of connectivity required for the ecologically sustainable management of landscapes.
Principle # 4: land use practices can produce spatial and temporal cumulative effects with negative impacts on biodiversity and ecological processes Human use of landscapes can lead to cumulative effects at different spatial scales that radically alter key ecological processes and have significant negative effects on biodiversity. As an example, major changes in vegetation cover driven by logging many stands of forest alters the frequency, severity and spatial contagion of natural disturbances like wildfires and windstorms (Franklin and Forman 1987; Thompson et al. 2007 ). Moist temperate and tropical forest landscapes subject to widespread logging are significantly more likely to burn, and burn at a higher severity, than equivalent unlogged landscapes (Cochrane and Schulze 1999; Lindenmayer et al. 2009 ). Such cumulative effects have led to the development of a new kind of ecological trap, termed a landscape trap, in the Mountain Ash (Eucalyptus regnans) forests of south-eastern Australia in which entire landscapes are now in an altered state and are highly unlikely to return to their former functional state (Lindenmayer et al. 2011b) . Landscape traps are large-scaled ecological phenomena that arise through a combination of altered spatial characteristics of a landscape coupled with synergistic interactions between multiple human and natural disturbances. Thus, changes in the frequency and spatial contagion of large-scaled disturbances are the key interacting factors driving entire landscapes into an undesirable and potentially irreversible state (i.e. a landscape trap).
The landscape trap in the Mountain Ash forests of south-eastern Australia has arisen because of a combination of logging and fire that favors a regime change (sensu Connell and Sousa 1983) from oldgrowth forest to young fire-prone forests that don't survive to become old-growth (Lindenmayer et al. 2011b) . Landscape traps in these forests are likely to result in severely impaired landscape functions such as reduced suitability for biodiversity, reduced carbon storage, and reduced water production (Lindenmayer et al. 2011b) .
The potential for landscape traps to develop is likely to be widespread in temperate moist forest ecosystems around the world that are subject to intensive resource management and where wildfire is a major kind of natural disturbance, logging is a widespread form of human disturbance, and fire and logging interact in multiple temporal and spatial feedbacks. Rapid climate change may further exacerbate such feedback processes such as through altered fire regimes (Westerling et al. 2006) , increased rates of tree death (van Mantgem et al. 2009 ) or combinations of both. Notably, landscape trap phenomena may occur in tropical rainforests (Kauffman and Uhl 1991) , grassland and rangeland ecosystems (D'Antonio and Vitousek 1992), and aquatic and marine ecosystems (Ling et al. 2009 ). There is considerable potential for landscape traps to develop in biofuel-dominated plantation landscapes, which have been touted as a 'sustainable alternative' to fossil fuels but may in fact negatively affect entire forest ecosystems (Fargione et al. 2008 ).
Operationalization Better understanding of landscape-level problems like the development of landscape traps will remain a research challenge because these cumulative spatial and/or temporal effects are notoriously difficult to study (Cocklin et al. 1992) . New ways of exploring biotic responses to landscape mosaics (sensu Bennett et al. 2006 ) that are created by multiple processes and which create spatial arrays of different kinds patches (e.g. Haslem and Bennett 2008; Batary et al. 2010; Hodgson et al. 2010) offer new perspectives on cumulative effects. Yet the development of further improved methods is critical to detecting spatial and temporal effects earlier to aid landscape planning and management and, in turn, discourage resource overcommitment (see Section ''Principle #1'') as well as prevent unwanted 'ecological surprises' (Doak et al. 2008) .
We suggest a key part of landscape management is to limit the number of anthropogenic stressors in landscapes and reduce the potential for cumulative effects to develop. This may equate to a more conservative approach to the harvesting of natural resources to ensure that landscapes are not overcommitted (see Section ''Principle #1'' above) or made more disturbance-prone such as through interactions between logging operations and increased levels of fire proneness (Cochrane and Schulze 1999; Thompson et al. 2007 ).
Principle #5: land use decisions on the land sparing-land sharing spectrum are highly scale and context dependent Approaches to landscape management that trade off resource exploitation and biodiversity conservation are often couched in the terms of the land sparing-land sharing debate (Phalan et al. 2011) . At small spatial scales, decisions about landscape sustainability and conservation are often focused on particular plots of land, be they for commodity production or otherwise. But at larger geographic scales, one can conceptualize a choice between extensive but low input land uses, and mosaics with contrasting patches of intensive production and conservation lands. These options, which can only be conceived at a landscape scale or larger, can be described as bookends of the 'land sharing versus land sparing' spectrum. The 'sparing' model is where more intensive land use (leading to increased yields) is adopted in a given location as a kind of ecological offset for increasing the area reserved for conservation in another location (Green et al. 2005; Fischer et al. 2008; Phalan et al. 2011) . The 'sharing' model is where production and biodiversity conservation goals are integrated in the same location. Thus, land sparing is a land allocation approach in which areas are assigned a primary land use-i.e. intensive production versus biodiversity conservation (e.g. large ecological reserves). In contrast, land sharing occurs where different uses are integrated in the same area. Examples of land sharing include: 'ecologically sustainable forest management' (Lindenmayer and Franklin 2002; Puettmann et al. 2008) and 'wildlife friendly farming' (Fischer et al. 2008) .
There is a relatively long history of land sparing versus land sharing discussions in forestry (Gladstone and Ledig 1990; Lindenmayer and Franklin 2002) with several authors arguing that a shift to intensive wood production (e.g. timber tree plantations) could relieve pressure on native forests and create opportunities for an expanded forest reserve system (Paquette and Messier 2010) . Seymour and Hunter (1999) discussed the case of sustained yields of timber from the State of Maine in the USA where, at that time, there was extensive (but relatively low intensity) wood production forestry, but also significant concern about biodiversity conservation and few areas in formal reserves. They noted that for every hectare of forest transferred into intensive forestry, between 3 and 5 ha of forest could be set aside as ecological reserves and overall sustained yields of timber and pulpwood could be maintained (Seymour and Hunter 1999) .
More recently, there has been debate about sharing versus sparing options in agricultural landscapes (Green et al. 2005; Fischer et al. 2008; Ewers et al. 2009; Fischer et al. 2011; Phalan et al. 2011) . While the debate has been at times oppositional, the starting point-that land use decisions and their consequences are best understood at larger scales-is widely accepted. Critics of land sparing argue that while the off-set principle is possible in theory, in practice it usually does not occur. That is, intensification occurs, but no conservation land is released (Ewers et al. 2009 ). In addition, under a land-sparing model, some landscapes might simply offer few prospects for conservation of large remnant areas of native vegetation because of the history of exploitation. Furthermore, the emphasis on intensification in the land sparing model risks eroding key ecosystem processes which underpin production (Garibaldi et al. 2011 ) and thereby ultimately undermine yield.
Critics of land sharing argue that the mixed strategy compromises both conservation and production outcomes, leading to a landscape that is less effective on both fronts. Moreover, reduced levels of production in a land-sparing landscape might drive agricultural expansion elsewhere, further undermining possible gains . Conversely, small landscape elements in land-sparing landscapes, such as fencerows or riparian corridors, could provide connectivity for some species with limited mobility (Dowdeswell 1987) .
Operationalization
The complexity of issues associated with discussions about land sparing versus land sharing indicate a need for the careful consideration of several key issues. Four of these are:
(1) Management objectives and policies. Objectives need to be agreed upon and articulated otherwise there are no well defined goals to guide management. (2) The quality of the land that is 'spared'. This includes consideration of land use history and the size and characteristics of areas that remain undisturbed (or relatively undisturbed). This is particularly important because the traditional assignment of land to conservation purposes has too often been because it was poor for production (Scott and Tear 2007) , rather than to represent particular conservation values-the so-called worthless lands hypothesis (Hall 1988) . Thus, an increase in reserved area of low productivity forest to offset increased land use intensification in more productive areas will exacerbate existing shortcomings of reserve systems, whereby they are not representative or adequate for the protection of many elements of the biota (e.g. Schmitt et al. 2009 ). (3) The species and assemblages being targeted for conservation. If the aim of conservation efforts is to maintain species with limited mobility or that are dispersal or connectivity-limited, then the best option might be low intensity, widespread land management rather than an allocation strategy based on reserves versus production areas (Franklin 1993) . Conversely, the land sharing approach may not be appropriate for some highly disturbance-sensitive species that need large ecological reserves or protected areas to survive (Peres 2005) . (4) The potential for multi-scaled and cross-scale impacts. Reducing the level of resource use in one area can increase levels of resource use in others. For example, increasing the amount of forest reserved in western North America (to protect species like the Northern Spotted Owl Strix occidentalis caurina) led to increased logging pressure in other regions such as South-east Asia-with corresponding impacts on biodiversity in high biodiversity tropical areas (Yaffee 1994) . Thus, an assessment of this outcome depends on whether one takes a geographically narrow or wide perspective. This underlines the point that while trade in commodities can be globalized through similar kinds of products being sourced from different areas, biodiversity cannot because it is geographically constrained. There are other scale issues such as where high-intensity farming has significant offsite effects on biodiversity on adjacent land spared for nature .
The above issues indicate that appropriate application of the land sparing-land sharing approach will Landscape Ecol (2013 ) 28:1099 -1110 1105 be landscape-context-dependent (Ewers et al. 2009 ) and scale-dependent ) and must be guided by a careful assessment of the relative costs of production versus biodiversity benefits at multiple (local, landscape, national, global) Fischer et al. 2009 ). In such over-committed landscapes (see Section ''Principle #1''), there appears to be little (if any) capability to significantly increase the area under intensive management. Even where there is a will to relinquish productive use of parts of the landscape for conservation, the cost of restoring currently productive land to a level of ecological function that would represent a biodiversity asset may be too great to be considered sensible. Finally, we suggest the choice between land sparing and land sharing should not in practice be treated as a dichotomy. An appropriate land use plan may well use elements of both ends of the spectrum, such as in variegated landscapes (sensu McIntyre and Barrett 1992) (see Section ''Principle #6'' below).
Principle #6: different conceptual models of the landscape lead to different management approaches There are several landscape conceptual models such as the island model (MacArthur and Wilson 1967) , the patch-corridor-matrix model (Forman 1995) , the variegated landscape model (McIntyre and Barrett 1992) and the continuity or continuum model (Fischer et al. 2004) . The selection of a landscape model for addressing a particular objective or problem needs careful reflection for two key reasons. First, how humans perceive a landscape may not reflect how it is perceived by other species. For example, the patchmatrix model of landscapes is widely used to predict how species might respond to landscape change, but for many taxa it is unrealistic, particularly in its binary assignment of landscape elements as either habitat or non-habitat (Fischer et al. 2004 ). This is particularly problematic when the surrounding landscape has some value as habitat for biota that also needs to be managed. Other conceptual models, like the continuum model or the variegated landscape model, may be more appropriate to guide conservation such as when improving the habitat value of surrounding areas for a particular species is an important goal . Second, different landscape conceptual models can have significant implications for decisions about landscape management including land allocation and land sparing as well as where and what conservation or other investments are made. For example, if the island model (MacArthur and Wilson 1967) of landscapes is being employed, in which areas are deemed to be either habitat or non-habitat, this may best correspond to a reserve/production area strategy (i.e. a land sparing solution). Conversely, low intensity, widespread forest management might be more congruent with those circumstances where landscapes are conceptualized using other kinds of models like the continuum model in which different areas vary in habitat quality along gradients of suitability (Fischer et al. 2008 ).
Informed landscape management requires decisionmakers to consider what conceptual model they are using, and whether it is appropriate to the species or ecological processes in question. This needs to be preceded by a careful articulation of the goals and problems being addressed and the purpose of using a landscape conceptual model. Notably, very few plans for managing biodiversity consider the underlying landscape conceptual model but rather conceptualize landscapes solely from a human perspective and almost exclusively using the island model of vegetation cover. In some cases, it may be useful to apply more than one landscape conceptual model and consider insights obtained in this way (e.g. Ingham and Samways 1996) . This can facilitate cross-comparisons of conceptual models and landscape classifications, particularly in terms of their implications for conservation and management. Therefore, a key area of additional research will be to compare landscape conceptual models and their impacts on planning and on-the-ground management strategies for sustainable landscape management.
Concluding comments
We have briefly described six general principles that can help guide the sustainable management of forest landscapes. We have argued that while place-based models of landscapes are important (Kates et al. 2001) , they need to be integrated into a broader conceptual domain that encompasses landscape ecology perspectives and sustainability science (Musacchio 2009 ).
We emphasize first that good decision making requires knowledge of the fundamental biology of the system, both of the drivers of change, but also the way changes are expressed in time and space (Fig. 1) . Secondly, we argue that interpretations and decisions are strongly shaped by context and prior experience, so we need always to be mindful of how our perspectives are formed (Fig. 1) . General principles should help frame hypotheses which can then be tested with further empirical work in a given landscape or set of landscapes (e.g. Tscharntke et al. 2011) . Moreover, because decisions are often made when knowledge is incomplete, science has an important role to play in characterizing better models for generalization that nevertheless express the most important dynamic features of real landscapes.
